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a  b  s  t  r  a  c  t
Transportation  of  ﬁsh,  although  stressful,  is  an  inevitable  procedure  in  aquaculture  practices.  In this
study,  we  investigated  the changes  in biochemical  and  haematological  indices  in  advanced  ﬁngerlings
of rohu,  Labeo  rohita  in order  to optimize  the packing  density  as  is  imperative  to  avoid  transportation
stress  and  associated  mortality.  The  ﬁsh  (14.00–15.00  cm)  were  packed  in  sealed  double  layer  oxygen
packed  polythene  bags  of  30 L capacity  containing  7.5  L of water  and  transported  for  2 h and  30  min  in
a  motor  vehicle  at three  packing  densities,  viz.,  67  g L−1, 134  g  L−1, and 201  g L−1 and  transported  from
hatchery  to Kolkata,  India  covering  a distance  of  about  55  km.  A  cumulative  mortality  of  30%  was  recorded
during  and after  transportation  in  ﬁsh  transported  at 201  g  L−1; while  the  other  two  packing  densities
recorded  no  mortalities.  Transportation  and  packing  density  induced  stress  affected  the  functioning  of
liver and  kidney.  The  activities  of  transaminases  and lactate  dehydrogenase,  breakdown  of  protein  and
creatinine  phosphate,  cortisol  induced  glucose  production  were  signiﬁcantly  increased  in  advanced  rohu
ﬁngerlings  to cope  with  the energy  demand  posed  by transportation  and  higher  packing  density  stress.
Low  levels  of  dissolved  oxygen  and high  levels  of ammonia-nitrogen  were  noticed  in  different  packing
densities  after  transportation.  The  results  suggested  that  the optimum  packing  density  for advanced  rohu
ﬁngerlings  for 2–3 h  duration  of transport  would  be  134  g  L−1, which  kept  the  stress  at  low  levels. The
serum  alanine  aminotransferase  levels  can  serve  as  a good  marker  for  ﬁsh  liver  health  as  the  increment
was  more  prominent  when  subjected  to  transportation  stress.
© 2015  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).. Introduction
Aquaculture is one of the world’s fastest growing food pro-
uction system‘ increasing at a rate of 8% annually. Freshwater
quaculture in India is dominated by carps, which contribute about
7% of the total freshwater ﬁsh production. Rohu, Labeo rohita
Ham.) is the most important among the three Indian major carp
pecies owing to its high commercial value, good growth rate, con-
umer preference and acceptability to artiﬁcial diets (Prasad et al.,
012). Under aquaculture conditions, ﬁsh are invariably subjected
o physical, chemical and biological stressors. Stress is an unavoid-
ble component in aquaculture practices, which is associated with
ransportation, handling, netting, water and sediment quality,
accination and disease treatment. As a result, ﬁsh is subjected
o various physiological changes including immunosuppression
∗ Corresponding author. Fax: +91 33 2478 0126.
E-mail address: tsnagesh2@gmail.com (T.S. Nagesh).
ttp://dx.doi.org/10.1016/j.aqrep.2015.06.002
352-5134/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/).eventually succumb to diseases (Barton, 2002; Oliva-Teles, 2012).
In aquaculture practices the understanding of ﬁsh stress responses
is essential to avoid stress-related problems, to improve ﬁsh qual-
ity and to optimize productions. Haematological and biochemical
parameters have been acknowledged as valuable tools for ﬁsh
health monitoring (Sebastiao et al., 2011). Stress mitigation is
one of the most challenging tasks in aquaculture and is the most
promising areas of research.
Transporting ﬁsh is an inevitable multiphase operation in aqua-
culture. Optimizing the packing density for a speciﬁed period of
transportation is needed to reduce stress related mortality both
during and/or after transportation. Haematology and biochem-
istry play an important role in monitoring not only the stress and
health status of ﬁsh, but also serve as diagnosis of metabolic distur-
bance and structural and functional status of the body (Wagner and
Congleton, 2004; Mohammadizadeh et al., 2013). Detailed study
on the effects of stressors such as packing density, transportation,
etc on the haematological and biochemical parameters including
metabolic enzymes of carps, especially rohu, L. rohita is scanty. The
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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resent study is, therefore, carried out to assess the stress responses
n advanced rohu ﬁngerlings packed in different densities when
ubjected to transportation stress.
. Materials and methods
.1. Experimental ﬁsh, protocol, packing and transportation
Advanced ﬁngerlings (14.00–15.00 cm)  of rohu (L. rohita)  were
ransported from a hatchery in Naihati (Lat: 22◦54′10′ ′N; Long:
8◦25′01′ ′E), North 24 Parganas district to the Faculty of Fish-
ry Sciences, Chakgaria (Lat: 22◦28′45.53′ ′N; Long: 88◦24′07.49′ ′E),
olkata, West Bengal, India on 17.06.2013 covering a distance of
bout 55 km.  The stress response assessment protocols of this study
ncompass three groups in duplicate. Initially 10 ﬁsh were caught
rom the rearing pond in the hatchery and held in nylon net cage
or 24 h without feeding to assess the stress level before distur-
ance. The ﬁsh which were starved for 24 h before in the rearing
ond were caught for transported to Naihati ﬁsh seed market from
he hatchery in about 10 min  by placing them in a large aluminum
ontainer on a non-motorized tricycle. The container was of 100 L
apacity to which about 30 kg ﬁsh was placed in 40 L water dur-
ng transportation. The ﬁsh were then packed in sealed double
ayer oxygen packed polythene bags (30 L capacity) containing one
ourth of water (7.5 L) and three fourth of oxygen, and transported
or 2 h and 30 min  in a motor vehicle from Naihati ﬁsh seed market
o Chakgaria. The ﬁsh were transported at three packing densities,
iz., 67 g L−1, 134 g L−1 and 201 g L−1 in duplicate. Fish mortalities
nd abrasions in polythene bags in each packing densities during
ransportation were noted immediately on reaching the laboratory.
.2. Collection and analyses of blood and serum samples
The ﬁrst blood sample (control) was taken at the hatchery itself
efore they were disturbed and taken to the market. The second
lood sample was taken after the ﬁsh were transported to Nai-
ati ﬁsh seed market from the hatchery to know the stress level
efore the actual transportation. The third blood sample was taken
mmediately after transportation from each bag separately.
For blood collection, the ﬁsh (n = 6–8) from each group were
andomly sampled, transferred to plastic buckets containing water
f same temperature with added clove oil (10 l L−1) to calm the
sh. The blood was drawn using one ml  sterile disposable insulin
yringe (30G) through cardiac puncture. The anticoagulant used
as tri-sodium citrate (3.8% w/v). Blood samples for the estimation
f haemoglobin and haematocrit values were collected in 1.5 ml
ppendorf tubes rinsed with anticoagulant. For serum collection,
he blood collected without anticoagulant was transferred to 1.5 ml
ppendrof tube and kept overnight in a refrigerator in slanting posi-
ion. The blood clots giving a straw coloured supernatant at the top
as then centrifuged at 4000 rpm for 4 min. The supernatant was
ollected, transferred to eppendrof tube and stored at −20◦ C for
urther analysis. Various haematological and biochemical indices
nalyzed as per standard protocol are summarized in Table 1. The
esults of haematological and biochemical indices are expressed as
ean ± standard deviation.
.3. Analyses of water quality parameters
Water quality parameters like temperature, pH, dissolved
xygen and ammonia-nitrogen were determined by mercury ther-
ometer, pH meter (Eutech pH Testr 10), Winkler’s method and
henate method (APHA, 1998), respectively during the transporta-
ion procedure.Fig. 1. Variation in haemoglobulin (A) and haematocrit (B) levels of Labeo rohita
during transportation procedure.
2.4. Statistical analysis
One-way analysis of variance (ANOVA) was performed using
Microsoft excel 2007 followed by critical difference test to test the
signiﬁcant differences (P < 0.05) among the groups.
3. Results
3.1. Haemoglobin (Hb) and Haematocrit (Ht)
The mean haemoglobin and haematocrit values in control
increased after 10 min  of transportation but the increments were
insigniﬁcant (P > 0.05). The mean haemoglobin and haematocrit
values further increased signiﬁcantly (P < 0.05) with transporta-
tion stress as well as density of packing immediately after 2 h and
30 min  transportation (Fig. 1A and B). However, the differences
in haemoglobin values among the packing densities immediately
after transportation were insigniﬁcant (P > 0.05). The haematocrit
values did not differ (P > 0.05) between the 134 g L−1 and 201 g L−1
packing densities.
3.2. Cortisol
The mean serum cortisol level of unstressed ﬁsh was
20.00 ± 2.00 g dL−1, which increased as the transportation pro-
cedure begun. Transportation of ﬁsh in aluminum container from
the rearing pond to seed market increased the cortisol level to
29.00 ± 3.00 g dL−1 but the increment was insigniﬁcant. Imme-
diately after transportation, it rose by more than two orders
of magnitude to 52.00 ± 2.00 g dL−1, 56.00 ± 1.00 g dL−1, and
56.00 ± 0.00 g dL−1 in ﬁsh stocked at 67 g L−1, 134 g L−1, and
201 g L−1, respectively compared to control. The serum cortisol
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Table  1
Summary of haematological and biochemical indices analyzed.
Parameters Sample Instruments used Kit or chemicals used
Haemoglobin Blood Sahli’s haemoglobinometer 1/10 N HCl
Haematocrit Blood Microcentrifuge and Haemometer
scale
–
Glucose Serum Photometer 5010 v5+ (Robert Riele KG,
Berlin)
Glucose test kit, GOD-POD, End point assay; Span
Diagnostics Ltd., India
Total  serum protein Serum Photometer 5010 v5+ (Robert Riele KG,
Berlin)
Total protein kit, Biuret method; Siemens Ltd., India;
Autopak Diagnostics Ltd., India
Creatinine Serum Photometer 5010 v5+ (Robert Riele KG,
Berlin)
Creatinine test kit, Modiﬁed Jaffe’s Reaction, Initial rate
assay; Span Diagnostics Ltd., India
Alanine amino-transferase (ALT) Serum Photometer 5010 v5+ (Robert Riele KG,
Berlin)
ALT test kit, Modiﬁed UV (IFCC), Kinetic assay; Span
Diagnostics Ltd., India
Aspartate amino-transferase (AST) Serum Photometer 5010 v5+ (Robert Riele KG,
Berlin)
AST test kit, Modiﬁed UV (IFCC), Kinetic assay; Span
Diagnostics Ltd., India
Lactate dehydro-genase (LDH) Serum Photometer 5010 v5+ (Robert Riele KG, LDH (P-L) test kit, Modiﬁed IFCC method, Crest biosystem
alo M
s
p
(
3
3
w
ﬁBerlin)
Cortisol Serum Microplate Reader, H
Dynamica, Australia
howed signiﬁcant differences (P < 0.05) between before trans-
ortation and each of the packing densities after transportation
Fig. 2A).
.3. GlucoseThe mean serum glucose level in control was
0.00 ± 1.00 mg  dL−1, which increased to 41.00 ± 3.00 mg  dL−1
hen subjected to transportation in aluminum container to
sh seed market (Fig. 2B). The mean glucose values further
a-d: Bars sharing uncommon superscripts differ significan
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Fig. 2. Variation in serum cortisol (A), glucose (B), protein (C) and crePvt. Ltd., India
PR-96, Cortisol test EIA kit AccuBind Elisa Microwells, Monobind
Inc., Lake Forest, USA
increased to 52.50 ± 3.50 mg  dL−1 in 67 g L−1 packing den-
sity, 59.00 ± 2.00 mg  dL−1 in 134 g L−1 packing density and
62.00 ± 1.00 mg  dL−1 in 201 g L−1 packing density immediately
after transportation. Signiﬁcant differences in serum glucose levels
(P < 0.05) were noticed among all groups.3.4. Total protein
The mean total serum protein level in unstressed ﬁsh
was found to be 8.28 ± 0.28 g dL−1, which decreased as the
tly (P<0.05). Bars that do not have standard deviations 
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Fig. 3. Variation in serum alanine aminotransferase (A), aspartate aminotransferase
(B) and lactate dehydrogenase (C) levels of Labeo rohita during transportation pro-2 C. Pakhira et al. / Aquacu
ransportation procedure proceeded. The serum protein value was
.53 ± 0.27 g dL−1 before transportation. Immediately after trans-
ortation it further declined to 4.42 ± 0.21 g dL−1, 2.37 ± 0.37 g dL−1
nd 3.81 ± 0.01 g dL−1 in ﬁsh stocked at 67 g L−1, 134 g L−1, and
01 g L−1, respectively (Fig. 2C). Signiﬁcant differences existed in
he serum total protein levels between before transportation and
ach of the packing densities (P < 0.05).
.5. Creatinine
The mean serum creatinine level in control was
.360 ± 0.030 mg  dL−1, and 0.35 ± 0.000 mg  dL−1 before
ransportation. The mean creatinine values subsequently
ncreased to 0.445 ± 0.035 mg  dL−1 in 67 g L−1 packing den-
ity, 0.560 ± 0.030 mg  dL−1 in 134 g L−1 packing density and
.645 ± 0.015 mg  dL−1 in 201 g L−1 packing density immediately
fter transportation (Fig. 2D). Signiﬁcant differences existed
P < 0.05) between the creatinine levels before transportation and
34 g L−1 packing density as well as before transportation and
01 g L−1 packing density. The difference between before trans-
ortation and 67 g L−1 packing density was, however, insigniﬁcant
P > 0.05).
.6. Alanine aminotransferase (ALT), aspartate aminotransferase
AST) and lactate dehydrogenase (LDH)
The mean serum ALT level in ﬁsh of control was
0.00 ± 1.00 IU L−1, which increased to 16.00 ± 0.00 IU L−1 before
ransportation. The mean ALT values further increased by about
–3 orders of magnitude to 18.00 ± 2.00 IU L−1 in 67 g L−1 pack-
ng density, 28.00 ± 4.00 IU L−1 in 134 g L−1 packing density and
2.00 ± 2.00 IU L−1 in 201 g L−1 packing density immediately after
ransportation. The serum ALT showed signiﬁcant differences
P < 0.05) between the control and 134 g L−1 packing density as
ell as control and, 201 g L−1 packing density (Fig. 3A).
The mean serum AST level in control ﬁsh was  low
24.00 ± 2.00 IU L−1), which increased as the transportation
rocedure begun. Before transportation it was 25.00 ± 1.00 IU L−1,
hich increased to 28.00 ± 0.00 IU L−1, 31.00 ± 2.00 IU L−1 and
5.00 ± 0.50 IU L−1 in the ﬁsh packed at the rate of 67 g L−1,
34 g L−1 and 201 g L−1, respectively (Fig. 3B). The AST/ALT ratio
as also found to increase with the initiation of transportation
rocedure. The AST/ALT ratio was 0.41 in control, which increased
o 0.54 before transportation. Immediately after 2 h and 30 min  of
ransportation it further ampliﬁed to 0.64, 0.83, and 0.91 in ﬁsh
tocked at 67 g L−1, 134 g L−1 and 201 g L−1, respectively.
The mean serum LDH level in ﬁsh of control was
1.00 ± 6.00 IU L−1, which increased to 133.00 ± 3.00 IU L−1
efore transportation. Immediately after transportation, the
ean LDH recorded were 182.00 ± 2.00 IU L−1 in 67 g L−1 packing
ensity, 134.00 ± 2.00 IU L−1 in 134 g L−1 packing density and
92.00 ± 2.00 IU L−1 in 201 g L−1 packing density. The serum LDH
howed signiﬁcant differences (P < 0.05) between the control and
ach of the packing densities after transportation (Fig. 3C).
.7. Water quality parameters
The results of water sample analysis during transportation
rocedure are given in Table 2. The water temperature ranged
rom 28.50 ± 1.00 ◦C to 32.50 ± 1.00 ◦C throughout the exper-
mentation. Signiﬁcant differences (P < 0.05) existed in water
emperature before transportation and that of 134 g L−1, and
01 g L−1 packing densities. The maximum dissolved oxygen con-
ent (5.82 ± 0.56 mg  L−1) was observed in control; whereas the
inimum value (0.51 ± 0.03 mg  L−1) was recorded in 201 g L−1
acking density after transportation. The differences in dissolvedcedure.
oxygen content before transportation and after transportation
were signiﬁcant (P < 0.05). However, among the packing densities
differences were insigniﬁcant (P > 0.05). The pH varied between
7.50 ± 0.20, and 6.85 ± 0.10. Although, there was slight decline in
pH after transportation, the difference was  insigniﬁcant (P > 0.05).
The ammonia-nitrogen levels increased signiﬁcantly (P < 0.05) from
0.16 ± 0.05 mg  L−1 to 1.10 ± 0.10 mg  L−1 (P < 0.05) with transporta-
tion procedure.
C. Pakhira et al. / Aquaculture Reports 2 (2015) 39–45 43
Table  2
Water quality parameters recorded during transportation procedure.
Parameters Transportation procedure
Control Before transportation After transportation
67 g L−1 134 g L−1 201 g L−1
Temperature (◦ C) 28.5 ± 1.00a 28.5 ± 1.00a 31.25 ± 0.25ab 32.50 ± 0.50b 32.50 ± 1.00b
Dissolved oxygen (mg  L−1) 5.82 ± 0.56a 5.70 ± 0.28a 1.40 ± 0.1b 0.76 ± 0.04b 0.51 ± 0.01b
pH 7.50 ± 0.20 a 7.50 ± 0.20 a 7.08 ± 0.20a 6.95 ± 0.10a 6.85 ± 0.10a
Ammonia-nitrogen (mg  L−1) 0.16 ± 0.05a 0.18 ± 0.03a 0.55 ± 0.10b 0.82 ± 0.15cd 1.10 ± 0.10d
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. Discussion
Haemoglobin level increased signiﬁcantly with transporta-
ion stress as well as density of packing due to elevation in
etabolic rate under stress condition. The results corroborate
he observations of Dobsikova et al. (2006, 2009) made in com-
on  carp, Cyprinus carpio and Sopinska (1984) in carps subjected
o transportation stress. Similar trend was noticed in killiﬁsh
Greaney and Powers, 1978), trout (Soivio et al., 1980) and eels
Wood and Johansen, 1972). During stress situations, the elevated
aemoglobin and haematocrit levels increase the oxygen carrying
apacity of blood and, thus, the oxygen supply to major organs
n response to higher metabolic demands (Ruane et al., 1999).
hese results suggested higher metabolic demands posed by trans-
ortation and packing density stress. The results are in conformity
ith the observations of Gomes et al. (2003) in juvenile tambaqui,
olossoma macropomum during transportation in different packing
ensities, Dobsikova et al. (2009) in common carp after 12 h trans-
ortation and Sopinska (1984) in carps subjected to transportation
tress. On the other hand, De Abreu et al. (2008) did not observe any
ariation in Ht in juvenile matrinxa, Brycon amazonicus subjected
o 4 h transportation stress; rather it decreased to 32% after 24 h of
ransportation.
Under conditions of stress, the ﬁsh body release stress hor-
ones, viz., cortisol and catecholamine (epinephrine) in to the
loodstream by the endocrine system as primary response (Randall
nd Perry, 1992) and produce increased levels of plasma/serum
lucose as secondary response (Begg and Pankhurst, 2004).
artínez-Porchas et al. (2009) opined that cortisol test is a good
ption in acute stress experiments. The cortisol levels in the
nstressed rohu ﬁngerlings increased signiﬁcantly as primary
esponse with the transportation procedures. Immediately after
ransportation, it rose by more than two orders of magnitude in
sh packed at different densities compared to control. These results
orroborate the earlier ﬁndings on common carp (Dobsikova et al.,
009), juvenile matrinxa (De Abreu et al., 2008) and juvenile tam-
aqui (Gomes et al., 2003) subjected to transportation and packing
ensity stress. Cortisol is commonly used as an indicator of the
egree of stress experienced by ﬁsh (Barton and Iwama 1991;
endelaar-Bonga, 1997) and our observations are also in confor-
ity with those results. Contrarily, Dobsikova et al. (2006) recorded
ecrease in cortisol level from 21.33 g dL−1 to 20.60 g dL−1, and
0.16 g dL−1 in common carp when subjected to 7 h and 12 h
ransportation stress, respectively. In most ﬁsh, cortisol reaches
he highest level 1 h after being stressed, and returns to basal levels
fter 6 h (Iwama et al., 2006). It was further observed that the pack-
ng densities did not alter the cortisol levels. This suggested that the
tress caused by transportation is acute, and the ﬁsh released more
ortisol in to the blood stream as primary response.Serum glucose level is the most commonly measured indica-
or of secondary phase stress response in ﬁsh (Wedemeyer et al.,
990), which is relatively easy to measure and inexpensive. The
ean glucose level of control ﬁsh increased steadily by almost twoorders of magnitude at the higher packing density immediately
after transportation, as it has a direct correlation to metabolism.
Similar increase in glucose levels were recorded in common carp
(Dobsikova et al., 2006), juvenile matrinxa (De Abreu et al., 2008),
juvenile tambaqui (Gomes et al., 2003), rohu fry (Chatterjee et al.,
2009) and tilapia (Omoregie et al., 1990). The correlation analy-
sis conﬁrmed that the increased level of glucose is the result of
cortisol induced gluconeogenesis. The differences in respiration
and other activities under stressed conditions (Ghosh, 1987) may
also contribute to elevated glucose levels. As a result, blood glu-
cose changes are often used as direct measure of altered cortisol
reaction. The stress hormones in conjunction with cortisol mobi-
lize and elevate glucose production in ﬁsh through glucogenesis
and glycogenolysis pathways (Iwama et al., 1999) to cope with the
energy demand produced by the stressors. Glucose levels generally
increase during stress, however, some authors reported a weak rise
of glucose (Davis and McEntire, 2006), others found no change or
inconsistencies (Jentoft et al., 2005; Martínez-Porchas et al., 2009),
and even a decrease (Wood et al., 1990). Our observations on the
consistent increase in glucose levels with the transportation proce-
dure suggested that it can be an indicator to monitor transportation
stress.
The serum total protein levels of rohu subjected to transporta-
tion stress showed a decreasing trend, indicating breakdown of
protein. Similar ﬁndings were observed by Dobsikova et al. (2009)
in common carp where total protein level decreased from 33 g L−1
to 31 g L−1 when subjected to transportation stress. Contrarily,
Dobsikova et al. (2006) recorded increased total protein content
from 29.8 g L−1 to 31.1 g L−1 in common carp subjected to 7 h trans-
portation stress. An increase in serum protein might be due to a
shift of ﬂuid from the serum to the intracellular compartment and
a decrease can be caused by hydration in serum due to osmotic
imbalance between extracellular and intracellular compartments
(Milligan and Wood, 1982). Creatinine is a protein produced by
muscle through the breakdown of creatinine phosphate for energy
and released into the blood. It showed a signiﬁcant negative corre-
lation with protein. The creatinine level in the serum is, therefore,
determined by the rate at which it is being removed. It is an impor-
tant indicator of renal function, because it is an easily measured
by product of muscle metabolism that is excreted unchanged by
the kidneys. Elevated creatinine level signiﬁes impaired kidney
function. The increase in creatinine levels of advanced L. rohita
ﬁngerlings indicated that the functioning of kidney is affected by
transportation stress as well as packing densities possibly due to
poor clearance of creatinine by the ﬁsh kidney.
Hepatocytes play a major role in absorbing and metabolizing
many toxic chemicals and are liable to injury by various stressors
(Marwa et al., 2014). In the present research, the serum ALT levels
increased with transportation stress as well as density of packing.
ALT is an enzyme produced in hepatocytes, the major cell type in the
liver. As liver cells are damaged or die, ALT leaks out into the blood-
stream. The serum ALT is, therefore, a good marker of acute hepatic
damage (Coppo et al., 2003). The increase in mean ALT level by
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bout 1.6–3.2 orders of magnitude from 10.00 ± 1.00 IU L−1 when
ubjected to crowding, packing and transportation indicated stress
nduced hepatocyte damage. Similar drift but higher values were
btained by Dobsikova et al. (2009) in common carp where ALT lev-
ls increased from 70.059 IU L−1 to 95.80 IU L−1 and 126.945 IU L−1
hen subjected to 7 h and 12 h transportation stress, respectively.
hatterjee et al. (2009) also recorded similar trend in L. rohita juve-
ile, but the increments in ALT levels were extremely high from
6.347 IU L−1 to 440.716 IU L−1, about 16.72 times higher than the
ontrol, when subjected to 12, 24, and 36 h transportation stress.
he AST is similar to ALT in that both enzymes are associated with
iver parenchymal cells. The difference is that ALT is found pre-
ominantly in the liver, with clinically negligible quantities found
n the kidneys, heart, and skeletal muscle, while AST is found in the
iver, heart, skeletal muscle, kidneys, brain, and red blood cells. It
s commonly measured clinically as a marker for liver health as it
as associated with cell necrosis of the liver and skeletal or cardiac
uscle, starvation and lack of vitamin E. As in ALT, a signiﬁcant
ncrease in AST levels with transportation and packing procedures
as observed. However, the magnitude of increment was  lower
han the ALT levels. Similar trend but with higher levels were
eported by Dobsikova et al. (2009) in common carp where AST lev-
ls increased from 89.82 IU L−1 to 119.76 IU L−1, and 209.58 IU L−1
hen subjected to 7 h and 12 h transportation stress, respectively.
he present results support the ﬁndings of Chatterjee et al. (2009)
n L. rohita juveniles where AST levels increased from 23.05 IU L−1
o 32.36 IU L−1, 46.00 IU L−1, and 61.01 IU L−1 when subjected to
2 h, 24 h and 36 h transportation stress, respectively. The ALT is
egarded as being more speciﬁc than AST for detecting hepatocytes
amage. Most liver diseases are characterized by greater ALT eleva-
ions than AST elevations (Coppo et al., 2003) and our studies with
sh also revealed ALT elevations were more remarkable than AST.
e further observed more than two orders of magnitude increase
n ALT/AST ratio from 0.41 in control to 0.91 in ﬁsh transported at
01 g L−1, which is a clear indication of liver damage.
Lactate dehydrogenase also called lactic dehydrogenase (LDH)
s responsible for converting muscle lactic acid in to pyruvic acid,
n essential step in producing cellular energy. Tissue breakdown
eleases LDH and, therefore, LDH can be used as a marker of tissue
reakdown. The mean LDH level of control ﬁsh was almost dou-
led during transportation to seed market in crowded condition
or about 10 min  in aluminum container. There were no variations
n the levels of LDH before transportation and in ﬁsh transported
t either 67 g L−1 or 134 g L−1. While in the higher packing den-
ity group, the increment was 2.7 times higher than the control,
ndicating tissue breakdown under conditions of transportation
rocedure. The present results are in agreement with the ﬁndings
f Dobsikova et al. (2006, 2009) in common carp and Chatterjee
t al. (2009) in rohu juveniles. The increase in LDH activity could be
xplained by the elevation in anaerobic catabolism of blood cortisol
nd, due to the damage of the liver and muscle tissues (Rui Oruc
nd Uner, 1999; Schram et al., 2001).
In the present study, higher stress levels were noticed in ﬁsh
ransported and packed at high densities owing to low dissolved
xygen and high ammonia. The water temperature, although
ncreased with transportation procedure and packing densities,
as within optimum limits suggested for carps. An increase in
ater temperature is reported to accelerate the metabolic rate and
onsequently, oxygen consumption (Pramod et al., 2010). The dis-
olved oxygen levels in the transport medium declined noticeably
fter transportation. The results of the present study are in accor-
ance with (Aravindakshan et al., 2011), who recorded reduction
n dissolved oxygen levels from 5.6 mg  L−1 to 3.4 mg  L−1, and from
.2 mg  L−1 to 0.22 mg  L−1 when L. rohita and Catla catla, respec-
ively were transported for an hour. The pH value though reducedReports 2 (2015) 39–45
slightly during transport, but remained within the optimum range
of 6.4–8.4 for carps (Roberts and Shepherd, 1997). The elevated lev-
els of ammonia-nitrogen in the transport water may  be attributed
to the higher ﬁsh metabolic rate. High concentrations of ammonia
may  also result in high mortality during transport (Paterson et al.,
2003). Higher packing densities during transportation increase
stresses on ﬁsh (Pavlidis et al., 2003), which is also in agreement
with the present study.
Fish transportation at a packing density of 201 g L−1 from Naihati
ﬁsh seed market to different destination is the general prac-
tice. From physiological point of view, advanced rohu ﬁngerlings
packed at 201 g L−1 of water when subjected to 2–3 h transporta-
tion yielded increased levels of all the tested parameters by 2–3
orders of magnitude, except total serum protein. The accumulated
mortality in 48 h was 30% in ﬁsh transported at 201 g L−1. No mor-
talities were observed in other two packing densities. The abrasions
in polythene bags during transportation were seen in higher pack-
ing densities, which possibly indicated that the ﬁsh were struggled
much due to crowding. Fish with such highly altered physiology,
and liver and kidney functioning would take long time to recover
and easily succumb to diseases leading to death when introduced
in to the grow-out ponds. The results of the present study suggest
that the optimum packing density for advanced rohu ﬁngerlings
for 2–3 h duration of transport would be 134 g L−1 as it kept the
stress at low levels and caused no mortality subsequently as against
201 g L−1. The results of the present study demonstrated signiﬁ-
cantly increased activities of transaminases and LDH, higher free
amino acid mobilization, breakdown of creatinine phosphate, cor-
tisol induced glucose production in advanced rohu ﬁngerlings to
cope with the energy demand posed by transportation and higher
packing density stress. The results further suggested that trans-
portation and packing density induced stress affect the functioning
of liver and kidney and activate the brain–pituitary–interrenal axis.
The serum ALT levels increment was more prominent when sub-
jected to transportation stress. It is evident from the present study
that glucose, cortisol, ALT and LDH can effectively be used to char-
acterize the transportation stress as these parameters were found
to be sensitive and the levels of these parameters increased signif-
icantly in comparison with control.
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